Light Microscopy of Carbon Steels Copyright © 1999 ASM International®
L.E. Samuels All rights reserved.
www.asminternational.org

Light
Microscopy of
Carbon Steels

Leonard E. Samuels

A revised and expanded edition of Optical Microscopy of Carbon Steels

ASN\
/.

The Material
Information Seciety



Copyright © 1999
by ®

ASM International
All rights reserved

No part of this book may be reproduced, stored in a retrieval system, or transmitted, in any form or by any
means, electronic, mechanical, photocopying, recording, or otherwise, without the written permission of the
copyright owner.

First printing, August 1999
Second printing, February 2003
Digital printing, December 2010

Great care is taken in the compilation and production of this book, but it should be made clear that NO
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE GIVEN IN CONNECTION
WITH THIS PUBLICATION. Although this information is believed to be accurate by ASM, ASM cannot
guarantee that favorable results will be obtained from the use of this publication alone. This publication is
intended for use by persons having technical skill, at their sole discretion and risk. Since the conditions of
product or material use are outside of ASM's control, ASM assumes no liability or obligation in connection with
any use of this information. No claim of any kind, whether as to products or information in this publication, and
whether or not based on negligence, shall be greater in amount than the purchase price of this product or
publication in respect of which damages are claimed. THE REMEDY HEREBY PROVIDED SHALL BE THE
EXCLUSIVE AND SOLE REMEDY OF BUYER, AND IN NO EVENT SHALL EITHER PARTY BE
LIABLE FOR SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES WHETHER OR NOT CAUSED
BY OR RESULTING FROM THE NEGLIGENCE OF SUCH PARTY. As with any material, evaluation of the
material under end-use conditions prior to specification is essential. Therefore, specific testing under actual
conditions is recommended.

Nothing contained in this book shall be construed as a grant of any right of manufacture, sale, use, or
reproduction, in connection with any method, process, apparatus, product, composition, or system, whether or
not covered by letters patent, copyright, or trademark, and nothing contained in this book shall be construed as a
defense against any alleged infringement of letters patent, copyright, or trademark, or as a defense against
liability for such infringement.

Comments, criticisms, and suggestions are invited, and should be forwarded to ASM International.

Library of Congress Cataloging-in-Publication Data
Light Microscopy of Carbon Steels / Leonard E. Samuels.
p. cm.—Revised edition of: Optical Microscopy of Carbon Steels. ¢1980.
Includes bibliographical references.

ISBN-10: 0-87170-655-5
ISBN-13: 978-0-87170-655-3

1. Carbon steel—Microscopy.
I. Samuels, Leonard Ernest, 1922-Optical microscopy of carbon steels.
Il. Title.
TN693.17S258 1999 620.1'1799—dc21 99-14028
SAN: 204-7586
ASM International®
Materials Park, OH 44073-0002

www.asminternational.org

Printed in the United States of America



Light Microscopy of Carbon Steels
L.E. Samuels

Preface

Copyright © 1999 ASM International®
All rights reserved.
www.asminternational.org

This book is a revised and expanded edition of
Optical Microscopy of Carbon Steels, “optical” in
the title having been changed to “light” to adopt the
now-preferred term for a microscopical technique
in which light is used as the investigative radiation.
Strictly, the technique used in metallography
should be described as “reflected light micros-
copy,” (but) “reflected” is usually omitted and
taken for granted. However, the objective of the
book remains unchanged, namely, to illustrate and
develop an understanding of the range of micro-
structures that are formed in carbon steels by vary-
ing the carbon content and the thermal and me-
chanical treatments. The fact that a lengthy book is
required to cover this range is an indication of the
remarkable versatility of carbon steels. This is, in
turn, an indication of why carbon steels have been
the mainstay structural material of engineering
practice for three millennia.

Light microscopy is, of course, not the only
technique available for investigating the structure
of metals. In fact, it only occupies the base level of
an expanding pyramid of techniques of increasing
power and complexity. Scanning and transmission
electron microscopy are perhaps the most impor-
tant of these more complex techniques. Light mi-
croscopy is, nevertheless, still the most widely used
technique. In many smaller laboratories, it is the
only technique available. In more advanced labora-
tories, it constitutes a necessary part of a wider
armory of investigational techniques. This book is
directed to establishing what can, and what cannot,
be elucidated by light microscopy in all of these
circumstances. While this book in no way purports
to be a treatise on the physical metallurgy of steels,
it does attempt to develop an understanding of the
physical phenomena involved in the formation of
the structures illustrated. This is because sound
interpretation of the structures and their variations
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likely to be encountered in practice cannot be ex-
pected in the absence of a reasonably deep under-
standing of this nature. Considerable advances
have been made in many of the topics of interest
since the publication of the first edition. Revisions
and additions have been made to the text to incor-
porate these advances. The references quoted have
also now been selected principally as a guide to
recommended sources of further information.

The subject matter has been expanded in a
number of areas principally to incorporate the con-
sequences of the remarkable developments in steel-
making technology that have been implemented
since the first edition was published. The first of
these is the widespread introduction of continuous
casting practices. All of the illustrations of wrought
materials in the first edition, most of which are also
included in the present edition, are of materials that
had been batch cast in large ingot. These ingots had
then been reduced considerably by hot rolling, first
by breaking down in a massive primary mill and
then in a series of smaller secondary mills. How-
ever, much of the steel produced in recent decades
has been cast continuously in comparatively thin
sections, and this has obviated the need for large
size reductions in hot rolling. The segregation pat-
terns developed by the two casting procedures
characteristically are different, and attention is
drawn in appropriate sections to these differences.
Otherwise, microstructures are not affected. Thus,
the photomicrographs illustrating materials pro-
duced by the ingot route can be taken, with few
exceptions, also to be representative of continu-
ously cast material. The exceptions are noted.

Another series of developments in steelmaking
practices has enabled the carbon content of the
product to be reduced to a very low level—to a
level, in fact, at which carbon plays little or no role
in determining properties. Strengthening is then



obtained by other means that require the addition of
small amounts of other types of alloying elements.
This has enabled a whole new range of so-called
“interstitial-free” or “high-strength low-alloy”
steels to be developed that have markedly im-
proved properties. These steels can scarcely be
described as being carbon steels, but are so closely

related to—and are substitutes for—true carbon
steels that they need also to be considered. These
considerations, however, necessarily have to be
limited because only a limited amount of useful
information can be obtained on these steels by light

Microscopy.
Leonard E. Samuels
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